This paper deals with a critical assessment of the 'non-accelerating inflation rate of unemployment' (NAIRU) for Germany. There are quite a few obstacles to perceiving the NAIRU as an easy-to-use analytical instrument: the possibility of a non-vertical Phillips curve, the occurrence of shocks and hysteresis effects, and the (mis-)measurement of important variables, cointegration issues and a time variability of the NAIRU. A new attempt is made to estimate a NAIRU for Germany using direct measures of inflationary expectations. However, by any method, the NAIRU is very hard to determine and subject to considerable arbitrariness.
INTRODUCTION
The 'non-accelerating inflation rate of unemployment' (NAIRU) comes bouncing back. The revival of the NAIRU can be observed both in academia and on the political stage as it is evidenced by numerous scholarly work published in prestigious journals since the midst of the 1990s 1 and by concomitant work in research departments of supranational institutions such as the European Central Bank or the European Commission, which presumably will not lack any influence on policy-making. 2 Obviously, the rediscovery of the NAIRU raises the question on whether there is any substantial progress in understanding and estimating the NAIRU 1. Those papers range from the collection of writings in the spring issue of the Journal of Economic Perspectives (1997) up to more recent studies by Ball and Mankiw (2002) , for example. 2. See Fabiani and Mestre (2001) for an ECB discussion paper. Moreover, the EU Commission in both of its reports on the 'EU Economy 2002 Review' and 'Employment in Europe 2002' refers (extensively) to NAIRU estimates. compared with its heyday some 15 years ago. Are NAIRU estimates more or less reliable today? Can the NAIRU still(?) serve as an instrument for policy advice? Should the idea of the NAIRU as the empirical counterpart to the natural unemployment rate still govern macroeconomic modeling and inform policy-making? The remainder of this paper is organized as follows. The next section provides a very brief outline of the theoretical framework of the NAIRU standard in the literature. Section 3 is devoted to the question as to whether the (short-run) Phillips curve is vertical or negatively sloped. Section 4 introduces supply shocks and persistence effects which give rise to a variety of NAIRU definitions and cloud the issues. Section 5 discusses how to measure actual and expected inflation, respectively. Direct measures of inflation expectations are considered which will be used when estimating the Phillips curve. In addition, econometric issues such as cointegration and methods to estimate a time-varying NAIRU are touched upon. Section 6 presents and discusses the estimation results. Finally, Section 7 concludes.
BASIC THEORETICAL MODEL
The theoretical underpinnings of the NAIRU concept are well documented in the literature. 3 Hence, it may suffice here to very briefly sketch an outline of its framework. The basic specification of the NAIRU refers to a descriptive reduced form of a price and wage equation such as:
In this notation lowercase letters designate first differences of logarithms. Hence, p t and p tÀ1 represent current and lagged inflation rates, respectively, and z t is a vector including rates of changes of supply shift variables such as raw material prices and tax wedges. Uppercase letters indicate levels of variables; hence, U t and U* denote the current unemployment rate and a constant natural rate, respectively. The coefficients a(L), b(L) and c(L) are polynomials in the lag operator L, and e is a serially uncorrelated error term. Equation (1) incorporates informally Gordon's (1997) 'triangle model' of the NAIRU: influences stem from the demand side (via U t À U* ), the supply side (via z t ), and from price rigidities (via a(L)p tÀ1 ) and, perhaps even more important, from expected inflation (approximated by adaptive expectations, i.e. a distributed lag of observed inflation rates) which has taken center stage ever since the seminal Friedman-Phelps hypothesis of the late 1960s. Note further that the supply shocks are assumed to be contemporaneously uncorrelated with unemployment.
If a(1) 5 1 the NAIRU can be calculated from equation (1) for stable inflation rates: 4 NAIRU ¼ U * þ cð1Þz t =bð1Þ ð 2Þ
In the absence of supply shocks (i.e. for z 5 0), the NAIRU equals U* . For this case, an estimate of U* can be calculated from the intercept d b(1)U* of the following regression equation:
U* is referred to as the 'no-shock NAIRU' (Franz and Gordon, 1993) . It stands in contrast to a NAIRU concept which takes into account the presence of shocks z 6 ¼ 0. However, whether any increases of P stemming from supply shocks, e.g. from higher indirect taxes, should be offset by, say, a restrictive monetary policy causing higher unemployment is open to disagreement. Allowing for a time-varying NAIRU, U * is replaced by U t * , with the latter being described by a random walk without drift; for example:
with E(Z t ) 5 0 and var(Z t ) 5 s 2 . For s 5 0 we obtain the constant NAIRU, whereas for s40 the NAIRU is subject to fluctuations. Such fluctuations can be the result of changing explanatory variables not included in equation (1). A time-varying NAIRU can also be driven from hysteresis phenomena such as a dequalification and disencouragement of (long-term) unemployed persons.
THE PHILLIPS CURVE: VERTICAL?
The rationale for a(1) 5 1, i.e. the implication of a long-run vertical Phillips curve, is based on the Friedman-Phelps hypothesis of the late 1960s which claims that workers care about and bargain for real wage increases rather than nominal wage gains. In a situation when labor markets are very tightunemployment is below the natural rate -workers demand and receive wage increases in excess of expected inflation (besides higher compensation due to, say, productivity progress). However, firms pass the associated cost increases into prices. Therefore, the resulting inflation exceeds inflation initially anticipated in wage bargaining. As a consequence, with unemployment permanently falling short of the natural rate, inflation would accelerate. Conversely, holding unemployment above the natural rate causes accelerating deflation. Hence, constant inflation rates require unemployment to equal the natural rate, or the NAIRU as the empirical counterpart of the unobserved natural rate (thus neglecting some minor differences between both con-cepts). 5 Based on this reasoning it was concluded that the coefficient associated with expected inflation -the latter being represented, as in equation (1), by lagged inflation rates -must be one. There are two different although not mutually exclusive arguments of why this restriction may not necessarily hold. The first one can be traced back to Sargent (1971) , who pointed out that the coefficient on lagged inflation may not be unity even in an accelerationist model of inflation as long as the process of generating inflation is stable (without a unit root). A sum of weights of past inflation rates less than unity must not necessarily reflect incomplete projection of inflation but rather the view that inflation is stationary and its best forecast is an autoregressive process with a stable polynomial, not one where the coefficients sum to one. 6 A second and perhaps (even) more convincing argument of why the controversial number in the Phillips curve may fall short of unity has been brought forward one year later by Eckstein and Brinner (1972) , but was more or less forgotten afterwards and taken up more recently by Akerlof et al. (2000) . 7 The authors refer to 'behavioral macroeconomics' and present two hypotheses on why at low inflation there may be a long-run tradeoff between output and inflation. The first one is 'pure Keynes': workers resist, and firms rarely impose, cuts in nominal pay. Both, low inflation and nominal wage rigidity, then form a major obstacle against a downward adjustment of real wages. 8 On the other side, there may be a possible benefit of low inflation serving as a lubricant of labor market adjustment. 9 With a little more inflation real wages can adjust (more rapidly) and aggregate unemployment falls. The other argument put forward by Akerlof et al. (2000) is based on the idea that because inflation is not salient when it is low, anticipated future changes in the price level are ignored in wage bargaining. Put differently, the crucial parameter under consideration in the Phillips curve represents a combined effect of how people form expectations and how they use them. At higher inflation, wage bargaining takes expected inflation into account and the Phillips curve may become vertical indeed. At low inflation, workers are (voluntarily) fooled; there is a negatively sloped Phillips curve.
While Akerlof et al. (2000) elaborate on a fairly sophisticated theory, the upshot of their hypothesis is that the coefficient in question depends on past 5. The NAIRU may exceed the natural rate, for example, due to inconsistently high claims on national output by wage-setters and price-setters. An unemployment rate higher than the natural rate is then the mechanism to bring together both claims and, hence, stability of inflation. Another but related difference between both concepts is pointed out in Carlin and Soskice (1990, Ch. 6 .3). 6. See also Schreiber and Wolters (2002) . 7. The information on Eckstein and Brinner (1972) is taken from the paper by Akerlof et al. (2000) . See also Akerlof (2002) . 8. See also Graham and Snower (2002) and Snower and Karanassou (2002) . In their papers they show that the interaction between money growth and staggered nominal contracts may give rise to a long-run inflation-unemployment tradeoff. 9. For an empirical study for Germany see Franz (1984) . inflation experience. 10 This is a testable hypothesis. There are at least two groups of econometric methods which may be considered. The first is to let the data speak, i.e. to estimate the Phillips curve with a time-varying parameter (at least) of the coefficient associated with lagged inflation by either splitting the sample period between low inflation periods and high inflation periods, respectively, or by employing a general Kalman filter estimation which permits (all) the key Phillips curve parameters to vary. The second group is based on theoretical considerations and, following Akerlof et al. (2000) , decomposes the coefficient associated with lagged inflation a in two separate influences, i.e. a 1 À (1 À a)(1 À b), where (1 À a) denotes the fraction of all firms which ignore a fraction (1 À b) of expected inflation. Hence, if a 5 b 5 1 we are back to the vertical Phillips curve. But with half a fraction of firms which ignore half of expected inflation, the coefficient a amounts to 0.75, or to 0.56 if 'half ' is replaced by 'two-thirds'. Moreover, the coefficient a has to be constrained to range between zero and one by, say, using a standard cumulative normal distribution.
A negatively sloped Phillips curve, if it exists, is of special interest because the traditional NAIRU concept breaks down. In the case ao1, inflation rates do not cancel out in equilibrium (i.e. for stable inflation rates) as it is required by the NAIRU concept. Then the unemployment rate consistent with stable inflation rates depends on the level of such a stable inflation rate. The more ambitious the aim of inflation stability is pursued, such as price-level stability, i.e. p 5 0, the higher the unemployment rate necessary to achieve this goal. For the sake of avoiding additional confusion -see subsequent sections -one would probably resist to call that unemployment rate a NAIRU, too, but introducing a new term would have the same disadvantage. Anyway, one has to provide a figure for a certain inflation rate, in order to calculate the unemployment rate in equation (3). Maybe a 'tolerable inflation rate' of, say, 2 per cent per annum is a plausible number. Such a figure is viewed as just consistent with price stability by the European Central Bank.
SHOCKS AND PERSISTENCE EFFECTS
Besides the possibility of a non-vertical Phillips curve which already renders the NAIRU concept somewhat dubious, if not meaningless, there are other obstacles to perceiving the NAIRU as an understandable and easy-to-use analytical instrument, suitable for economic policy. For the sake of clearness, we assume for a moment that the Phillips curve is vertical indeed, but will take up this issue later again. Figure 1 contrasts annual values of the unemployment rate with the corresponding changes of inflation rates of consumer prices for the time period 1972 to 2002 (the period under estimation). The NAIRU, if it exists, is the value of that unemployment rate which has an ordinate value of zero. Apparently, the presumed NAIRU has shifted during the past three decades: while in the midst of the 1970s an unemployment rate of around 2 per cent seems to be consistent with stable inflation rates, this figure amounts to roughly 6 per cent at the beginning of the 1990s and even 8 per cent ten years later. If so, what happened?
The theoretical section touched upon two major sources of possible shifts of the NAIRU: shocks and hysteresis phenomena. To begin with shocks, included in the vector z, they can alter the rate of inflation at a given level of excess demand. 11 No matter what the specific nature of these exogenous shocks, they give rise to a crucial distinction between a 'shock NAIRU' and a 'no-shock NAIRU', depending on whether or not inflationary effects stemming from these shocks should be ironed out by higher unemployment. Put differently, in case of higher indirect taxes, for example, proponents of a Sources: See notes at the foot of Table 1. 11. One of the referees pointed out that as long as the vector z collects information on costpush shocks this is in line with the New Keynesian Phillips curve (NKPC) approach; see Gali and Gertler (1999) .
no-shock concept would argue that the resulting transitory increase of inflation should be disregarded due to their character as self-inflicted wounds.
On the other hand, opponents of that view would point out that 'wounds are wounds' and should well increase the NAIRU. Hence, the NAIRU is subject to manipulation. This verdict and the concomitant frustration with the NAIRU concept is strengthened in the presence of hysteresis phenomena. Referring to equation (4), the development of U t * can be described more precisely by
In words, U t * is now a 'contemporaneous NAIRU', because of its time dependency, whereas U is the 'steady-state NAIRU' or 'equilibrium NAIRU'. Inserting equation (5) into equation (1) and rearranging terms yields (D denotes the first-difference operator):
Three cases are of interest: 12 (i) Full hysteresis: if f 5 1, then the 'level effect' vanishes and there is no such thing as a unique NAIRU. (ii) No hysteresis: if f 5 0, then the change term DU t drops out and the pure Phillips curve mechanism works. (iii) Persistence: if 0ofo1, both the level and change effect of U t matter and the contemporaneous NAIRU can drift away from the steady-state NAIRU.
This distinction is not an artifact of the specification of the time path in equation (10) but holds for more generalized versions, too. 13 More importantly, the consequences of hysteresis or persistence for the NAIRU are tremendous. A high level of unemployment today means a higher NAIRU tomorrow or, conversely, fighting successfully against unemployment today will partly avoid problems tomorrow. In methodological terms, in the presence of hysteresis or persistence there is a considerable risk of overestimating the NAIRU due to confusing the contemporaneous with the steady-state NAIRU.
12. See also Franz (1987) and Franz and Gordon (1993) . 13. See Franz (2001, eqs. (13) and (14)).
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DATA AND ECONOMETRIC ISSUES

How should actual inflation and unemployement rates be measured?
Even the simplest version of a Phillips curve requires reflections on how to measure important variables such as inflation and unemployment. In addition, data problems stemming from German unification and revisions of national accounts and employment statistics, respectively, have to be taken into account. As will be shown below, each of the definitions under consideration exerts substantial influences on the NAIRU estimates.
To begin with inflation, both the use of consumer prices as well as the GDP deflator can be justified on theoretical grounds. This holds for the Phillips curve derived either from a non-structural approach, e.g. a reduced form of wage and price equations, or from a structural approach based on explicit models of labor demand and labor supply, respectively. 14 For example, in a wage equation which reflects outcomes of wage bargaining, employers base their considerations on product wages, but employees on consumption wages. Product wages include employers' taxes on labor and contributions to social security and are deflated by sales prices, or, for the aggregate economy, by the GDP deflator for the private, non-agricultural sector (because prices in the governmental and agricultural sectors are strongly regulated and, moreover, subject to somewhat erratic fluctuations). On the other hand, for employees and the unions the variable of interest in wage bargaining is the consumption wage, i.e. gross wages net of taxes and contributions to social security to be paid by employees and deflated by prices which represent costs of employees' living. Therefore, the estimations of the Phillips curve in the subsequent section will be based on both, the inflation rate of consumer prices as well as on the rate of change of the private, non-agricultural GDP deflator. In addition, whatever definition of inflation is used, we test the significance of a price and tax wedge variable, respectively. These variables have already been introduced in the vector z in equation (1) as 'supply-shift variables' which can alter the rate of inflation at a given level of excess demand. By the same token, relative imported raw materials prices also constitute a supply shock as is evidenced by the two oil-price shocks 1974 and 1982. The variable which will be used in the regressions below is the inflation rate of raw materials prices minus the inflation rate which corresponds with the dependent variable. Table 1 displays a summary statistic of these and other variables under consideration.
Unemployment is the second variable under consideration. Recall from the theoretical model that it is designed to capture the pressure stemming from the labor market in wage bargaining and, on the other hand, the respective situation on the product market in the price-setting process. Indeed, the whole NAIRU idea is that unemployment is a good measure of pressure in 14. See Franz and Gordon (1993) for both approaches. 
Direct measures of inflation expectations
As has been highlighted in Section 3 already, a major drawback of conventional Phillips curve estimates is the use of distributed lags of actual inflation rates as a proxy for inflation expectations. This procedure implies testing a combined hypothesis, namely to what extent inflation expectations contribute to an explanation of actual inflation rates, as claimed by the Phillips curve, and whether the proxy for inflation expectation corresponds with true expectations by the economic agents under consideration. Hence, the need for direct measures of inflation expectations is obvious, but to meet this requirement is not. 17 Basically, two types of direct measures of inflation expectations are available for Germany, albeit for a limited time period. The first rests on asking consumers about their expectations for consumer prices; the second relies on a survey among professional forecasters. Both approaches have their merits and problems. At first glance, asking consumers directly seems to provide exactly the information desired. However, in the absence of a strong motivation of respondents to answer correctly, the reliability of those data may be questioned even if the sample is large. 18 On the other hand, 15. See Franz (1987) and Franz and Siebeck (1991) . 16. Moreover, experiments with estimated output gaps in the Phillips curve did not yield a substantial higher explanatory power. See Franz (2001) . 17. See the studies by Akerlof et al. (2000) for the US, and by Driver et al. (2003) for the UK and the US. 18. Note that accuracy of the forecasts is not the issue here as long as economic agents behave on the basis of their (false) forecasts.
professional forecasters may handle the survey questions more seriously. But it is unclear whether their replies are unbiased at any point of time given potential strategic interests. Moreover, they are typically concerned with a broader coverage of goods rather than only with those applied by consumers. Finally, both types of measures are often qualitative in nature ('balance statistics'), i.e. proportions of respondents opting for different response categories. Therefore, these data have to be transformed into numerical values for expected inflation rates. Since this methodology is anything but straightforward and not innocuous to (strong) assumptions, in the end, one winds up with testing combined hypotheses again. Under these caveats we employ the following two direct measures of inflation expectations. The first is the EC monthly survey which -for Germany -poses the following question to approximately 2,500 consumers:
By comparison with what is happening now, do you think that in the next 12 months . . . (1) there will be a more rapid increase in prices, (2) prices will increase at the same rate, (3) prices will increase at a slower rate, (4) prices will stay about the same or (5) prices will fall slightly?
Available time series of monthly balance statistics start in 1985. Quantitative estimates of the expected rates of inflation from these qualitative data can be obtained by using, for example, a modified Carlson and Parkin methodology as it is carried out by Gerberding (2001) . Her data form the basis of our estimates. 19 In short, the central idea behind the approach by Carlson and Parkin (1975) is to interpret the share of respondents replying to each category as maximum-likelihood estimates of areas under the density function of aggregate inflation expectations. 20 The expected value of that density function represents the average inflation rate expected by survey respondents. In addition, respondents are asked to condition their replies on their perceptions of current inflation ('. . . what is happening now . . .'). Gerberding (2001) assumes that respondents correctly perceive the actual rate of inflation at the time they form their expectations. While this assumption is not as innocuous as it may seem, given the misperceptions of inflation rates by consumers at least in Germany in due course of the introduction of the euro, it seems plausible in other time periods of low inflation. 21 So we stay with her approach.
A second measure of inflation expectations stems from responses by professional forecasters. We refer to a questionnaire sent out monthly by the Center of European Economic Research (ZEW) located in Mannheim, 19. I am grateful to C. Gerberding for providing me with her estimates of inflation expectations based on the EC survey for Germany. Note that these data do not represent official data approved by the Deutsche Bundesbank. 20. The density function is assumed by Gerberding (2001) to be log-normal. See also Batchelor and Orr (1988) and Reckwerth (1997) . 21. See Forsells and Kenny (2002) for other approaches covering the euro area.
r Verein für Socialpolitik and Blackwell Publishing Ltd. 2005 Germany. 22 Since December 1991 around 350 experts at banks, insurance companies and large industrial firms opt for the following response categories: 'The inflation rate, covering the whole economy, will in the next six months (1) increase, (2) not change, (3) fall'. 23 The resulting balance statistics are then transformed by the ZEW into quantitative inflation rates by using the Carlson and Parkin method described before. Both raw data and estimated expected inflation rates are available free of charge from the ZEW. 24
Econometric issues
Conventional Phillips curve estimates in the spirit of equation (2) are subject to the criticism of a possible serious misspecification stemming from omitted considerations about cointegration issues. 25 More precisely, when inflation and unemployment are cointegrated, i.e. the linear combination of their time series is stationary, a regression consisting entirely of differenced data will be misspecified and a regression consisting entirely of undifferenced data will omit important constraints. 26 To begin with, an elaboration on this issue requires firstly an inspection of the order of integration of the time series under consideration. 27 If inflation is stationary, then no vertical Phillips curve can exist; but there may be a short-run one. If inflation is I(1), the NAIRU conception may hold depending on whether unemployment is I(1). If inflation is I(1) and unemployment is also I(1), the outcome depends on whether cointegration exists between both variables. If so, then a long-run Phillips curve may exist. If not, there is no long-run Phillips curve, but there may be a short-run relationship, and filtering out the persistent component of unemployment (which is unrelated to inflation) has some merits.
While these methodological considerations deserve attention, one should resist the temptation to place too much emphasis on them. The Phillips curve is not simply a relationship between inflation and unemployment but is augmented by several variables. Besides this, other variables, not included in the Phillips curve framework but important, may govern variables such as inflation which is influenced by the development of monetary aggregates. Similar arguments hold for unemployment. If so, the Phillips curve can be consistent with a variety of orders of integration which puts the above considerations into question. 28 Moreover, and strictly speaking, the unemployment rate cannot be I(1) since it is a bounded variable. However, it is 22. See the ZEW-Finanzmarktreport (monthly, in German) and the ZEW-news (quarterly, in English) for more information. Inflation expectations are published as the results of the ZEW Financial Market Test (ZEW Finanzmarkttest); see the ZEW homepage at www.zew.de. 23. There is a fourth category, 'no assessment', which is disregarded. 24. Contact www.zew.de. 25. See e.g. Schreiber and Wolters (2002) . 26. See Franz and Gordon (1993, p. 730) . 27. See Schreiber and Wolters (2002, p. 5) for the following different cases. 28. To some extent, however, U t * may capture non-stationarity. often claimed that this property serves 'as a useful approximation to reality within the bounds' (Schreiber and Wolters, 2002, p. 6, fn. 4) . For all practical purposes, I (1) is what ADF-tests display for the unemployment rate in (West) Germany. Even so, some skepticism remains about the appropriateness of such generalizations. If we stay with an unemployment rate of order I(1) nevertheless, the next relevant question is whether inflation has an order of integration of at least I(1). Again, I (1) is what ADF tests for Germany typically reveal (despite the high reputation of the Deutsche Bundesbank). Hence, a test for cointegration is in order. This can be carried out by the Johansen procedure as has been done by Schreiber and Wolters (2002) or by a residualbased cointegration test. Lack of space prohibits to present the results and the reader is referred to Schreiber and Wolters (2002) or Franz (2003) . In short, the results are rather mixed but cointegration cannot be rejected.
The 'state-of-the-art NAIRU' is a time-varying NAIRU with estimated confidence intervals. 29 The idea is that the economy may have experienced more kinds of shocks and changes of institutions, both influencing inflation and unemployment, than can be captured by the set of supply-shock variables introduced into the regression. 30 Despite the possible appropriateness of estimating a time-varying NAIRU, the major shortcoming is that, even if the estimation turns out to be successful (whatever that means), one is still left with the question as to which forces drive the NAIRU. Seen from this point of view, estimating a time-varying NAIRU is data analysis. Despite this caveat, this has been carried out in Franz (2003) . As in other studies such as Greenslade et al. (2003) and Laubach (2001) , for example, the analysis presented in that paper rests on the Kalman filter technique.
Another issue concerns confidence intervals for the NAIRU in order to display the amount of (im-)precision of estimated NAIRUs. The calculation of confidence intervals is not straightforward because the NAIRU is a non-linear function of regression coefficients due to the intercept divided by b(L). Staiger et al. (1997a) use the 'delta method' and 'Fieller's method', respectively, for constructing confidence intervals. The 'delta method' approximates the nonlinear function by using a first-order Taylor series expansion and computes standard errors based on estimated first derivatives. In applying 'Fieller's method' to the NAIRU, the authors first select a trial value of the NAIRU, insert this expression into the regression equation to be estimated, and check whether its estimated intercept is statistically insignificant. If so, they do not reject the hypothesis that the NAIRU amounts to that initial value and lies in a, say, 95 per cent confidence interval. Repeating this procedure for all possible values of the NAIRU produces the confidence interval. 31 29. See e.g. the studies by Ball and Mankiw (2002) , Fabiani and Mestre (2001) , Gordon (1997 Gordon ( , 1998 , Greenslade et al. (2003) , Gruen et al. (1999) , Laubach (2001) and Staiger et al. (1997a) . 30. See equation (4) in Section 2. 31. See Staiger et al. (1997b) for an application of this method to the estimation of a NAIRU for the US.
r Verein für Socialpolitik and Blackwell Publishing Ltd. 2005 The study by Franz (2003) employs a residual-based bootstrap for calculating confidence intervals. To the best of our knowledge this is a novelty in the literature on the NAIRU although it is obvious to choose this method. The procedure goes as follows. From the estimated residuals of the Kalman equation samples are drawn (with replacement) and inserted into the Kalman equation again. This yields new, albeit artificial, observations, dubbed resamples, with the help of which new values of the dependent variables are generated ('bootstrap replications'). Confidence intervals are then obtained from the variance of the NAIRU estimated by using the resamples. Again, lack of space prevents from presenting the methodology and the results in more detail and the reader is referred to Franz (2003) .
ESTIMATION RESULTS
All estimates are based on quarterly data covering the time period 1972/1 to 2002/2 unless stated otherwise. Until 1990/4 the data refer to West Germany, afterwards to Germany. The corresponding structural break, if significant on the basis of a Chow test, is captured by an impulse dummy for 1991/1. This dummy should also take into account various changes in the national accounts data definitions in due course of the introduction of the European System of National and Regional Accounts 1995. All data according to the new definition are available since 1991/1, too; hence, this quarter serves as the respective breakpoint (in addition to effects due to unification). The data sources for all variables are listed in the notes to Table 1 . All quarterly change variables are defined in per cent as quarter-to-quarter change rates times 400. Seasonal dummies are centered, i.e. (S i À S 4 ), i 5 1, 2, 3, and therefore level out over the year.
Estimates of an augmented Phillips curve are displayed in Table 2 and can be summarized as follows: 32 (i) As long as inflation rates refer to consumer prices an augmented Phillips curve can be established with the relative inflation rates of imported raw materials and the rate of change of the tax and price wedge as supplyshock variables (columns (1)- (5)). Roughly two-thirds of the variance of the inflation rate can be explained. If, however, the rate of change of the GDP deflator forms the basis of the Phillips curve both supply-shock variables lack significance (column (6)). A productivity variable is not included because in the reduced-form equation it nearly cancels out since it enters the price and wage equation with opposite signs.
32. In previous studies of mine, several attempts using instrumental-variables techniques have been made without major changes to the results. Hence, this is not carried out here again. Note further that relative inflation rates of imported raw materials prices and the change rate of the tax-price wedge are both I(0).
(ii) Both definitions of the unemployment rate are significant with a highly significant coefficient of nearly À 0.3 in the short run and around À 0.6 in the long run (columns (1) and (2)). This order of magnitude is roughly Notes: a All regressions contain centered seasonal dummies with different regression coefficients for the period 1972/2-1982/4 and 1983/1-2002/2, respectively. Regressions allow for a dummy variable (if significant), which equals one for 1991/1 and is zero otherwise, and takes shifts due to national accounts data revisions and unification into account. All quarterly change variables are defined as relative quarter-to-quarter changes in per cent times 400. The estimations have been carried out by using the program package EViews 4.1. t-Values in parentheses below coefficients, R 2 adj. is the square of the correlation coefficient corrected for degrees of freedom; SSR denotes sum of squared residuals; 'White' means test for heteroskedasticity in residuals; p-values in parentheses (H 0 : s t 2 5 s 2 for all t); LM(x) is the Lagrange-multiplier test for autocorrelation up to order x, p-values in parentheses. 'Normality' is the Jarque-Bera test, p-values in parentheses (H 0 : normal distributions of residuals). b Sum of coefficients, highest t-value of all coefficients in parentheses. c Unemployment rates according to definition by the German Federal Labor Office. d All variables are seasonally adjusted using the additive census X12 method. similar to estimates for the US. 33 In order to allow for international comparisons of NAIRU estimates, the ILO definition is referred to in further discussions unless stated otherwise. (iii) Both the lagged unemployment rate and its lagged changes yield significant results (column (4)). Hence, strong hysteresis may be rejected but not persistence. The sum of coefficients of lagged inflation rates, however, decreases substantially and loses much of its significance. (iv) A time trend variable is significant (columns (3) and (4)). A similar result is obtained if we allow the coefficient of the unemployment rate to vary between time subperiods. It decreases for more recent time periods, i.e. a NAIRU according to equation (3) would increase over time.
(v) The coefficient associated with the sum of lagged inflation rate is well below unity in all estimated Phillips curves. In order to make sure that this result is not an artifact of the use of seasonally unadjusted variables (together with centered seasonal dummies) column (5) re-estimates the Phillips curve in column (1) using seasonally adjusted variables by employing the census X12 additive method. This leaves the coefficient in question virtually unaffected but increases the importance as well as the significance of the wedge variable. (vi) The R 2 shows that roughly two-thirds of the inflation rate can be explained by the explanatory variables. This is not an overwhelming contribution. Moreover, regressions are plagued by either non-normality or heteroskedasticity.
Taken at face value, the most disturbing issue for the NAIRU is the result described in paragraph (v), i.e. the coefficient of the sum of lagged inflation rates being much less than unity. While this result fits with previous studies of ours 34 and with those of others such as Schreiber and Wolters (2002) , who base their conclusions on a very sophisticated time-series analysis, it simply means that, strictly speaking, there is no such thing as a vertical Phillips curve. Put differently, these findings render the conventional NAIRU problematic, to say the least. But before embarking on a swansong on the NAIRU one has to recall that the preceding econometric analysis suffers from various shortcomings. Besides several questionable details, the two most important doubts on the above estimates stem, firstly, from the treatment of expectations as adaptive, i.e. using distributed lags of actual inflation rates rather than direct measures of inflation expectations, 35 and, secondly, from neglecting near-rationality in periods of low inflation. We now address these two issues in turn.
Two variants of direct measures of inflation expectations are used which have been displayed in Section 5.2, namely consumers' expectations based on the EC survey and expectations formed by experts as published by the ZEW 33. See the papers by Gordon (1997, Table 1, p. 25; 1998, Table 3, p. 315) and Stiglitz (1997 , p. 5). 34. See Franz (2001 , 2003 . 35. Recall, however, that from equation (1) lagged actual inflation rates should also capture price rigidities.
financial market test. The availability of both series is restricted and, hence, the estimations cover the time period 1987/1 to 2000/4 and 1992/1 to 2002/2, respectively. Note further that the consumers' expectations cover a time period one year ahead whereas the ZEW's expectations measure includes a six-month time horizon. Moreover, there is a slight inconsistency with our measure of inflation rates as quarter-to-quarter changes (times 400), since both inflation rates are defined as annual rates (times 100). Table 3 compares estimates of the Phillips curve on the basis of distributed lags of actual inflation rates (adaptive expectations) with both alternative direct measures of inflation expectations. Recall that the ZEW figures refer to the whole economy; hence, the rate of change of the GDP deflator serves as the dependent variable. Leaving aside all caveats mentioned before and replacing adaptive expectations by direct measures of inflation expectations pushes up the coefficient associated with the latter variables to a nonnegligible extent. Clearly, a coefficient of 1.14 does not make much sense and has to be restricted to a value of one. 36 Column (3) of Table 3 displays the results of such a constrained regression which does not change much otherwise compared with column (2). The coefficient of the unemployment rate suffers from a loss of strong significance in all equations using direct measures of inflation expectations.
To dismiss adaptive expectations may be a conclusion too rash and broadbrush. Parts of firms as well as of wage-bargaining parties may rely on backward-looking adaptive expectations, whereas for the other parts expectations according to direct measures may hold. Moreover, recall from equation (1) that lagged actual inflation rates should capture price rigidities, too. Therefore, both explicit inflation expectations p* as well as lagged inflation rates, may enter the Phillips curve. Adding a lag distribution of actual inflation rates, however, turned out to be a complete failure, whatever lag lengths are chosen. The corresponding coefficients had a (mostly significant) negative sign and the coefficient associated with expected inflation jumped up pointing to heavy multicollinearity between all these variables. From an economic viewpoint this unsuccessful attempt is strange against the background of empirical findings which support strong wage and price rigidities in Germany for whatever reason. 37 Besides a proper treatment of expectations another problem to be dealt with is to what extent expectations are fully rational. This aspect includes the question of near-rationality during periods of low inflation. This question has already been addressed in Section 3. If people take inflation into account only if it exceeds some threshold value, then Phillips curve estimates excluding periods of low inflation should yield coefficients on inflation which are 36. In other versions of this equation the coefficient in question was estimated to lie around 0.9. 37. See Franz and Pfeiffer (2002) for an empirical study of wage rigidities using survey evidence from German and US firms. Table 4 presents the results for the basic version of an augmented Phillips curve for two sample periods of 'inflation quarters ', i.e. for 1972/1 to 1984/4 and, in addition, 1989/1 to 1995/4, respectively. For the first sample period, the coefficient of interest drops, whereas for the whole time period of 'inflation quarters' it amounts to 0.65, which is somewhat higher compared with those displayed in Table 3 , columns (1)-(3), but not that much if column (3) of Table 2 serves as a reference. 40 While the regression coefficient of the unemployment rate increases, too, relative inflation of imported raw materials lacks significance (although oil-price shocks occurred in the sample period). 40. If the same regression for these 'inflation quarters' is re-estimated for the whole sample period 1972/1 to 2002/2 (i.e. the version in Table 3 , column (3), but without the relative inflation rate of imported raw materials) the sum of coefficients of lagged inflation rates amounts to 0.66, which is nearly identical to the respective figure in the above regression.
Taken together, the upshot of these estimations is that there is virtually no evidence that the coefficient of lagged inflation rates varies considerably with the extent of inflation. It should be stressed that this verdict is preliminary at best. A more insightful procedure would rest on explicit measures of inflation expectations ( perhaps in addition to lagged actual inflation). However, as has been pointed out, the sample period of directly measured inflation expectations starts at 1987 only, and, therefore, a split between inflation and no inflation quarters, respectively, yields an insufficient number of observations.
What can be done, however, is to test whether the coefficient of expected inflation varies positively with inflation. Following Akerlof et al. (2000) , this idea has been outlined in Section 3. More precisely, the part of the Phillips curve under consideration reads as follows:
where p t and p t * denote actual and expected inflation rates, respectively, and p t is a moving average of current and past inflation rates. F is the standard cumulative normal distribution and a, b are parameters to be estimated. Using F ensures that the coefficient of expected inflation lies in the 0, 1 interval. The problem with this method is that the coefficient of expected inflation, strictly speaking, cannot be one but may approach this value at best. The data on expected inflation and the specification of the Phillips curve are the same as displayed in Table 2 , column (3). The Phillips curve employing the expression in equation (7) is estimated by non-linear methods and yields estimates (t-values in parentheses) of a 5 0.13 (0.1) and b 5 0.38 (0.8). The coefficients are far from being significant and, moreover, other explanatory variables also lack significance now. The result with respect to the coefficients a and b changes only slightly no matter what specification of the Phillips curve is chosen (including the square ofp t in equation (7) rather thanp t ). Again, this result is preliminary at best, given the short sample period (from 1987/1 to 2000/4, i.e. 56 observations) and the question whether the direct measure of p t * is appropriate.
EPILOGUE
By any method, simple or complex, the NAIRU is very hard to determine. Even worse, the whole NAIRU idea may be seriously damaged if the joint behavior of inflation, wage rises and unemployment has deteriorated. As to the simple method, an inspection of a scatter diagram of inflation and unemployment already displays that there is no such thing as a unique vertical Phillips curve. Perhaps this figure resembles a shifting set of short-run Phillips curves. A more complex method is to estimate Phillips curves preferably with time-varying parameters and confidence intervals for the estimated NAIRU. At the risk of exaggerating the case: not very many of all attempts really worked. Estimates of conventional Phillips curves suffer from serious flaws and the time-varying NAIRU is subject to considerable arbitrariness. But one should be careful not to throw out the baby with the bathwater. Unemployment matters in explaining inflation. Keeping the unemployment rate one percentage point lower will result in an inflation rate increasing around 0.5 to 1.0 percentage points ceteris paribus and after all adjustments have taken place. This is large enough a number to command attention. To this end, the question arises whether the NAIRU is (still) a useful tool to frame policy discussions despite all the uncertainty surrounding its level and direction of change. The answer is 'no', unless the NAIRU is combined with other diagnostics of the economists' toolkit.
In summing up, this is my last paper on the NAIRU ( Part I, perhaps).
